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BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   n u c l e a t i n g   a g e n t s  
made  f rom  n e u t r a l i z e d   d i m e r   or  t r i m e r   c a r b o x y l i c   a c i d s  

f o r   c r y s t a l l i z a b l e   p o l y m e r s .   N u c l e a t i n g   a g e n t s   of  t h i s  

i n v e n t i o n   a r e   p a r t i c u l a r l y   u s e f u l   f o r   t he   c r y s t a l l i z a -  

t i o n   of  s a t u r a t e d   p o l y e s t e r ,   such   as  p o l y e t h y l e n e   t e r e -  

p h t h a l a t e .  

D e s c r i p t i o n   of  the  P r i o r   A r t  

I t   is  known  to  use  n u c l e a t i n g   a g e n t s   i n  

c r y s t a l l i z a b l e   p o l y m e r s ,   such  as  l i n e a r   s a t u r a t e d   p o l y -  

e s t e r s   of  a r o m a t i c   d i c a r b o x y l i c   a c i d s .   U .S .   P a t e n t   N o s .  

3 , 4 3 5 , 0 9 3 ,   3 , 5 1 6 , 9 5 7   and  3 , 6 3 9 , 5 2 7 ,   as  w e l l   as  D u t c h  

P a t e n t   Nos .   NL  7 9 - 0 1 6 0 9   and  NL  7 9 - 0 1 6 0 5 ,   d i s c l o s e  

v a r i o u s   a p p r o a c h e s   to  m o l d i n g   t h e r m o p l a s t i c   c o m p o s i t i o n s  

of  l i n e a r   s a t u r a t e d   p o l y e s t e r s   of  a r o m a t i c   d i c a r b o x y l i c  

a c i d s ,   and  a r e   p a r t i c u l a r l y   a p p l i c a b l e   to  p o l y e t h y l e n e  

t e r e p h t h a l a t e .   These   p a t e n t s   g e n e r a l l y   d i s c l o s e   the   u s e  

of  s a l t s   of  h y d r o c a r b o n   and  p o l y m e r i c   c a r b o x y l i c   a c i d s  

as  n u c l e a t i n g   a g e n t s   fo r   l i n e a r   s a t u r a t e d   p o l y e s t e r s .  

G r e a t   B r i t a i n   P a t e n t   No.  1 , 3 1 5 , 6 9 9   d i s c l o s e s   the  u s e - o f  

low  m o l e c u l a r   w e i g h t   s o d i u m ,   l i t h i u m   or  b a r i u m   s a l t s   o f  

mono-  or  p o l y c a r b o x y l i c   a c i d s   used   w i t h   s o l i d ,   i n e r t  

i n o r g a n i c   s u b s t a n c e s .  

A  m o l d i n g   f o r m u l a t i o n   b a s e d   on  a  l i n e a r   s a t u r -  

a t e d   p o l y e s t e r ,   such  as  p o l y e t h y l e n e   t e r e p h t h a l a t e ,  

s h o u l d   r e s u l t   in  molded  p r o d u c t   h a v i n g   good  p h y s i c a l  



p r o p e r t i e s   i n c l u d i n g   f l e x u r a l   s t r e n g t h ,   m o d u l u s ,   t e n s i l e  

s t r e n g t h   and  i m p a c t   p r o p e r t i e s .   F u r t h e r ,   t h e   m o l d i n g  

compound   s h o u l d   a l s o   have  good  m o l d i n g   p r o p e r t i e s ,  

i n c l u d i n g   a  m e l t   f l o w   i n d e x  f o r   s u f f i c i e n t   f l o w   i n t o   t h e  

mold ,   good   mold  r e l e a s e   p r o p e r t i e s   and  good  f i n i s h e d  

a p p e a r a n c e .  
From  a  p r a c t i c a l   p o i n t   of  v i e w ,   i t   is   d e s i r a -  

b l e   t h a t   s a t i s f a c t o r y   p r o p e r t i e s ,   as  o u t l i n e d   a b o v e ,   b e  

a t t a i n e d   u s i n g   w a t e r   h e a t e d   m o l d s .   T h a t   i s ,   m o l d s   h e a t e d  

to  t e m p e r a t u r e s   b e t w e e n   7 6 . 7 ° C   ( 1 7 0 ° F )   to   a b o u t   1 0 0 ° C  

( 2 1 2 ° F ) .   In  o r d e r   to  a c c o m p l i s h   t h i s ,   i t   i s   d e s i r a b l e   f o r  

c r y s t a l l i z a t i o n   to   b e g i n   at   as  h i g h   a  t e m p e r a t u r e   a s  

p o s s i b l e   upon  t h e   c o o l i n g   of  the   p o l y e s t e r   w h i c h   was  f e d  

i n t o   t h e   m o l d ,   and  c o n t i n u e   d u r i n g   the  c o o l i n g   to   as  l o w  

a  t e m p e r a t u r e   as  p o s s i b l e .   Tcc  is   a  m e a s u r e m e n t   t o  

- d e t e r m i n e   a t   w h a t   t e m p e r a t u r e   c r y s t a l s   f i r s t   a p p e a r   u p o n  

c o o l i n g   f r o m   t h e   m e l t .   Tch  is  a  m e a s u r e m e n t   w h i c h  

i n d i c a t e s   t he   t e m p e r a t u r e   a t   which   c r y s t a l l i z a t i u n   is  n o  

l o n g e r   o c c u r r i n g   upon   c o o l i n g .   I t   has  b e e n   f o u n d   t h a t  

mold  a p p e a r a n c e   and  mold  r e l e a s e   p r o p e r t i e s   can   b e  

r e l a t e d   to   T c h .   Tch  is  d e t e r m i n e d   by  m e a s u r i n g   t h e  

t e m p e r a t u r e   a t   w h i c h   c r y s t a l s   a p p e a r   upon  h e a t i n g   a n  

a m o r p h o u s   p i e c e   of  p o l y e s t e r .   Tcc  and  Tch  can   b e  

m e a s u r e d   u s i n g   a  D i f f e r e n t i a l   S c a n n i n g   C a l o r i m e t e r .  

SUMMARY  OF  ThE  INVENTION 

T h i s   i n v e n t i o n   is  a  c o m p o s i t i o n   c o m p r i s i n g  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   which   c o n t a i n s   up  to  a b o u t  

10%  by  w e i g h t   o f   t he   p o l y e t h y l e n e   t e r e p h t h a l a t e   of  t h e  

s a l t   of  a  d i m e r   a c i d ,   the   s a l t   of  a  t r i m e r   a c i d ,   or   t h e  

s a l t   of  a  m i x t u r e   of  a  d i m e r   a c i d   and  a  t r i m e r   a c i d .  

The  m i x t u r e   has   f rom  0  to  100  p e r c e n t ,   and  p r e f e r a b l y  

3  p e r c e n t   to  90  p e r c e n t ,   by  w e i g h t   of  the   t r i m e r   a c i d .  

The  d i m e r   a c i d   has   a t   l e a s t   36  c a r b o n  

a toms   and  two  c a r b o x y l   g r o u p s ,   and  the  t r i m e r   a c i d   h a s  

at   l e a s t   54  c a r b o n   a toms   and  3  c a r b o x y l   g r o u p s .   T h e  

t o t a l   a m o u n t   of  c a r b o x y l   g r o u p s   a r e   n e u t r a l i z e d   up  t o  

100  p e r c e n t   by  a  c a t i o n   o f  a   m e t a l   s e l e c t e d   f rom  G r o u p  



IA  of  the   P e r i o d i c   T a b l e   of  t he   E l e m e n t s .   In  a  
p r e f e r r e d   e m b o d i m e n t ,   t he   c a t i o n   is  s e l e c t e d   from  t h e  

g r o u p   c o n s i s t i n g   of  p o t a s s i u m   and  s o d i u m .   P r e f e r a b l y ,  

t he   c o m p o s i t i o n   c o n t a i n s   up  to  a b o u t   15  p e r c e n t   b a s e d   on  

the   w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t n a l a t e ,   of  a  

p l a s t i c i z e r ,   and  up  to  10  p e r c e n t   of  an  i m p a c t   m o d i f i e r .  

The  c o m p o s i t i o n   can  be  f i l l e d   w i t h   up  to   a b o u t   1 5 0  

p e r c e n t   f i l l e r ,   b a s e d   on  the   w e i g h t   of  t h e   p o l y e t h y l e n e  

t e r e p h t h a l a t e .  

A  p r e f e r r e d   e m b o d i m e n t   c o m p r i s e s   the   p o l y -  

e t h y l e n e   t e r e p h t h a l a t e ,   from  a b o u t   .2  p e r c e n t   to  2 

p e r c e n t   of  the   s o d i u m   s a l t   of  a  d i m e r   a c i d ,   a  t r i m e r  

a c i d   or  a  m i x t u r e   t h e r e o f ,   and  2  p e r c e n t   to  6  p e r c e n t   o f  

a  p l a s t i c i z e r ,   such  as  n e o p e n t y l   g l y c o l   d i b e n z o a t e .  

P r e f e r a b l y ,   t h e r e   is  f rom  a b o u t   30  p e r c e n t   to  90  p e r c e n t  

f i l l e r ,   such   as  g l a s s   f i b e r s ,   and  f rom  2  p e r c e n t   to  6 

p e r c e n t   of  an  i m p a c t   m o d i f i e r ,   such   as  an  e t h y l e n e  

a c r y l i c   a c i d   c o p o l y m e r .   P e r c e n t s   a r e   b a s e d   on  t h e  

w e i g h t   of  p o l y e t h y l e n e   t e r e p h t h a l a t e .  

The  p r e s e n t   i n v e n t i o n   is  a  p o l y e t h y l e n e   t e r e -  

p h t h a l a t e   c o m p o s i t i o n   wh ich   can  be  m o l d e d   in  w a t e r  

h e a t e d   m o l d s .   I t   c o n t a i n s   b o t h   the   n o t e d   n u c l e a t i n g  

a g e n t   and  a  p l a s t i c i z e r   to  w i d e n   the   t e m p e r a t u r e  

s p r e a d   b e t w e e n   the  Tcc  and  Tch .   T h a t   i s ,   the   Tcc  i s  

i n c r e a s e d   and  the  Tch  is   d e c r e a s e d ,   t h e r e b y   a l l o w i n g  

c r y s t a l l i z a t i o n   to  o c c u r   ove r   as  wide  a  r a n g e   a s  

p o s s i b l e .  

O b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   become  a p p a r e n t   by  r e f e r e n c e   t o  

t h e   f o l l o w i n g   s p e c i f i c a t i o n :  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

T h i s   i n v e n t i o n   is  a  c o m p o s i t i o n   c o m p r i s i n g   a 

m i x t u r e   of  a  l i n e a r   s a t u r a t e d   p o l y e s t e r ,   p r e f e r a b l y  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   and  up  to  a b o u t   10  p e r c e n t  

b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e ,  

of  t he   s a l t   of  a  d i m e r   a c i d ,   the   s a l t   of  a  t r i m e r   a c i d ,  

or   a  m i x t u r e   of  the   s a l t   of  a  d i m e r   a c i d   and  the  s a l t   o f  

a  t r i m e r   a c i d .   The  m i x t u r e   has  f rom  0  p e r c e n t   to  100  



p e r c e n t ,   and  p r e f e r a b l y   3  p e r c e n t   to  90  p e r c e n t ,   b y  

w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  t r i m e r   a c i d .  

The  d i m e r   a c i d   has  a t   l e a s t   36  c a r b o n   a t o m s   and  t w o  

c a r b o x y l   g r o u p s ,   and  the  t r i m e r   a c i d   h a s  

a t   l e a s t   54  c a r b o n   a toms   and  3  c a r b o x y l   g r o u p s .   T n e  

c a r b o x y l   g r o u p s   of  the  d i m e r   a c i d   or  t r i m e r   a c i d   a r e  
n e u t r a l i z e d   by  a  c a t i o n   of  a  m e t a l   s e l e c t e d   f rom  G r o u p  

IA  of  the   P e r i o d i c   T a b l e   of  the   E l e m e n t s .   P r e f e r a b l y ,  

t h e   c o m p o s i t i o n   c o n t a i n s   a  f i l l e r ,   s u c h   as  f i b e r g l a s s  

and  s u i t a b l e   p l a s t i c i z e r s   known  in  t h e   a r t   of  p o l y e s t e r  

m o l d i n g   c o m p o s i t i o n s .   T h e r e   can  be  up  to  a b o u t   1 5 0  

p e r c e n t ,   a n d  p r e f e r a b l y   f rom  30  p e r c e n t   to   90  p e r c e n t ,  
f i l l e r   b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e  

t e r e p h t h a l a t e .   The  p r e f e r r e d   f i l l e r   is   f i b e r g l a s s   i n  

t he   r a n g e   of  f rom  30  p e r c e n t   to  90  p e r c e n t   by  w e i g h t ,  

b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e .  
The  p o l y e t h y l e n e   t e r e p h t h a l a t e   f o r   use  w i t h  

the   p r e s e n t   i n v e n t i o n   has  an  i n t r i n s i c   v i s c o s i t y   r a n g e  
b e t w e e n   a b o u t   0.4  and  a b o u t   1 . 0 0 ,   w i t h   a  p r e f e r r e d  

i n t r i n s i c   v i s c o s i t y   r ange   b e t w e e n   a b o u t   0 . 4 5   and  0 . 7 5 .  

I n t r i n s i c   v i s c o s i t y   is  o b t a i n e d   by  e x t r a p o l a t i o n   o f  

v i s c o s i t y   v a l u e s   to  z e r o   c o n c e n t r a t i o n   of  s o l u t i o n s   o f  

p o l y e t h y l e n e   t e r e p h t h a l a t e   in  a  60  to  40  vo lume   r a t i o  

of  p h e n o l   and  t e t r a c h l o r o e t h a n o l .   The  m e a s u r e m e n t s   a r e  

n o r m a l i z e d   to   25°C.   The  p o l y e t h y l e n e   t e r e p h t h a l a t e   c a n  
c o n t a i n   m i n o r   a m o u n t s ,   up  to  5%,  of  o t h e r   c o m o n o m e r s  

s u c h   as  d i e t h y l e n e   g l y c o l   or  g l u t a r i c   a c i d .  

The  n u c l e a t i n g   a g e n t   of  t he   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   can  be  used   w i t h   l i n e a r   s a t u r a t e d  

p o l y e s t e r s   of  a r o m a t i c   d i c a r b o x y l i c   a c i d s   w i t h   t h e  

p r e f e r r e d   l i n e a r   s a t u r a t e d   p o l y e s t e r   b e i n g   p o l y e t h y l e n e  

t e r e p h t h a l a t e .   I t   is  p a r t i c u l a r l y   p r e f e r r e d   to  be  u s e d  

w i t h   p o l y e t h y l e n e   t e r e p h t h a l a t e   w h e r e   i t   p r o v i d e s   a  

m o l d i n g   c o m p o s i t i o n   which   has  a  h i g h   e n o u g h   Tcc  so  t h a t  

i t   can  be  mo lded   u s i n g   w a t e r   h e a t e d   m o l d s   in  a  t e m p e r a -  

t u r e   r a n g e   as  low  as  7 6 . 7 ° C   ( 1 7 0 ° F ) .  
The  d e f i n i t i o n   of  d i m e r   a c i d   is  a  h i g h   m o l e -  

c u l a r   w e i g h t   d i b a s i c   a c i d ,   which   is  l i q u i d   ( v i s c o u s ) ,  



s t a b l e ,   r e s i s t a n t   to  h i g h   t e m p e r a t u r e s ,   and  w h i c h   c o m -  

b i n e s   and  p o l y m e r i z e s   w i t h   a l c o h o l s   and  p o l y o l s   to  make  

a  v a r i e t y   of  p r o d u c t s ,   such  as  p l a s t i c i z e r s ,   l u b e   o i l s ,  

and  h y d r a u l i c   f l u i d s .   I t   is  p r o d u c e d   by  d i m e r i z a t i o n   o f  

u n s a t u r a t e d   f a t t y   a c i d s   at   m i d - m o l e c u l e ,   and  u s u a l l y  

c o n t a i n s   t h i r t y - s i x   c a r b o n s .   T r i m e r   a c i d ,   w h i c h  

c o n t a i n s   t h r e e   c a r b o x y l i c   g r o u p s   and  u s u a l l y   f i f t y - f o u r  

c a r b o n s ,   is  s i m i l a r .  

D imer   and  t r i m e r   a c i d s   a r e   c o m m e r c i a l l y   a v a i l -  

a b l e   f rom  Emery  I n d u s t r i e s ,   I n c .   of  C i n c i n n a t i ,   O h i o ,  

and  f rom  t h e   U n i o n   Camp  C o r p o r a t i o n ,   C h e m i c a l s   D i v i s i o n ,  

P .O.   Box  6 1 7 0 ,   J a c k s o n v i l l e ,   F l o r i d a .   C o m m e r c i a l l y  

a v a i l a b l e   d i m e r   and  t r i m e r   a c i d s   a re   g e n e r a l l y   m i x t u r e s  

of  d i m e r   and  t r i m e r   a c i d s .   These   m i x t u r e s   can  c o n t a i n  

f rom  t r a c e s   up  to  4  p e r c e n t   m o n o b a s i c   a c i d .   T h e  

c o m p o s i t i o n   of  the   p r e s e n t   i n v e n t i o n   can  i n c l u d e   s a l t s  

of  c o m m e r c i a l   d i m e r   and  t r i m e r   a c i d s   w h i c h   c o n t a i n   f r o m  

a  t r a c e   up  to  4  p e r c e n t   of  m o n o b a s i c   a c i d s .   T h e s e  

a m o u n t s   of  m o n o b a s i c   a c i d s   a re   c o n s i d e r e d   n o m i n a l   and  do 

no t   a d v e r s e l y   a f f e c t   t he   c o m p o s i t i o n   of  the   p r e s e n t  
i n v e n t i o n .  

P u r e   d i m e r   a c i d   wh ich   can  be  u sed   is  a  36 

c a r b o n   c h a i n ,   d i b a s i c   a c i d .   C o m m e r c i a l   d i m e r   a c i d s  

made  by  Emery  I n d u s t r i e s   i n c l u d e   Empol  1010  D imer   A c i d  

c o n t a i n i n g   97  p e r c e n t   d i b a s i c   a c i d   and  3  p e r c e n t  

t r i b a s i c   a c i d ;   Empol  1014  Dimer   Acid   c o n t a i n i n g   9 5  

p e r c e n t   d i b a s i c   a c i d ,   4  p e r c e n t   t r i b a s i c   a c i d ,   and  1 

p e r c e n t   m o n o b a s i c   a c i d ;   Empol  1016  Dimer   Ac id   c o n t a i n i n g  

87  p e r c e n t   d i b a s i c   a c i d ,   13  p e r c e n t   t r i b a s i c   a c i d ,   p l u s  
a  t r a c e   of  m o n o b a s i c   a c i d ;   Empol  1018  Dimer   A c i d  

c o n t a i n i n g   83  p e r c e n t   d i b a s i c   a c i d ,   17  p e r c e n t   t r i b a s i c  

a c i d ,   and  a  t r a c e   of  m o n o b a s i c   a c i d ;   Empol  1022  D i m e r  

Acid   c o n t a i n i n g   75  p e r c e n t   d i b a s i c   a c i d ,   22  p e r c e n t  

t r i b a s i c   a c i d ,   and  3  p e r c e n t   m o n o b a s i c   a c i d ;   Empol  1 0 2 4  

Dimer   Ac id   c o n t a i n i n g   75  p e r c e n t   d i b a s i c   a c i d ,   25  

p e r c e n t   t r i b a s i c   a c i d ,   and  a  t r a c e   of  m o n o b a s i c   a c i d ;  

and  Empol  1054  d i m e r   a c i d   c o n t a i n i n g   55  p e r c e n t   d i b a s i c  

a c i d ,   41  p e r c e n t   t r i b a s i c   a c i d ,   and  4  p e r c e n t   m o n o b a s i c  



a c i d .   C o m m e r c i a l   d i m e r   a c i d s   made  by  U n i o n   Camp 

C o r p o r a t i o n  w h i c h   can  be  used   i n c l u d e :   Unidyme  10  

c o n t a i n i n g   97  p e r c e n t   d i b a s i c   a c i d ,   3  p e r c e n t   t r i b a s i c  

a c i d ,   and  a  t r a c e   of  m o n o b a s i c   a c i d ;   Unidyme  14  

c o n t a i n i n g   95  p e r c e n t   d i b a s i c   a c i d ,   5  p e r c e n t   t r i b a s i c  

a c i d ,   and  0 . 2   p e r c e n t   m o n o b a s i c   a c i d ;   Un idyme   16  

c o n t a i n i n g   87  p e r c e n t   d i b a s i c   a c i d ,   13  p e r c e n t   t r i b a s i c  

a c i d ,   and  0 .5   p e r c e n t   m o n o b a s i c   a c i d ;   Un idyme   18  

c o n t a i n i n g   83  p e r c e n t   d i b a s i c   a c i d ,   17  p e r c e n t   t r i b a s i c  

a c i d ,   and   0 . 5   p e r c e n t   m o n o b a s i c   a c i d ;   Un idyme   2 2  

c o n t a i n i n g   75  p e r c e n t   d i b a s i c   a c i d ,   22  p e r c e n t   t r i b a s i c  

a c i d ,   and  2  p e r c e n t   m o n o b a s i c   a c i d ;   and  Un idyme   2 4  

c o n t a i n i n g   75  p e r c e n t   d i b a s i c   a c i d ,   25  p e r c e n t   t r i b a s i c  

a c i d ,   and  0 . 5   p e r c e n t   m o n o b a s i c   a c i d .  

P u r e   t r i m e r   a c i d   w h i c h   can  be  u s e d   is   a  54  

c a r b o n   c h a i n ,   t r i b a s i c   a c i d .   C o m m e r c i a l l y   a v a i l a b l e  

t r i m e r   a c i d s   w h i c h   can  be  used   i n c l u d e :   Empol  1 0 4 0  

T r i m e r   Ac id   c o n t a i n i n g   80  p e r c e n t  t r i b a s i c   a c i d   and  20  

p e r c e n t   d i b a s i c   a c i d ;   Empol  1041  T r i m e r   Ac id   c o n t a i n i n g  

90  p e r c e n t   t r i b a s i c   a c i d   and  10  p e r c e n t   d i b a s i c   a c i d ;  

and  Un idyme   60  c o n t a i n i n g   60  p e r c e n t   t r i b a s i c   a c i d   a n d  

40  p e r c e n t   d i b a s i c   a c i d .   The  v a r i e t y   of  c o m m e r c i a l l y  

a v a i l a b l e   d i m e r   a c i d s   and  t r i m e r   a c i d s   w h i c h   can  be  u s e d  

i n d i c a t e s   t h a t   any  p u r e   d i m e r   a c i d   can  be  u s e d ,   or   p u r e  
t r i m e r   a c i d   can   be  u s e d ,   or  any  m i x t u r e   of  d i m e r   a c i d  

and  f rom  0  p e r c e n t   to  100  p e r c e n t   t r i m e r   a c i d   can  b e  

u s e d .   The  p r e f e r r e d   n u c l e a t i n g   a g e n t   c o n t a i n s   b e t w e e n  

a b o u t   10  p e r c e n t   d i m e r   to  a b o u t   97  p e r c e n t   d i m e r   a c i d ,  

and  c o r r e s p o n d i n g l y ,   90  p e r c e n t   t r i m e r   a c i d   to  a b o u t   3  

p e r c e n t   t r i m e r   a c i d .   The  mos t   p r e f e r r e d   n u c l e a t i n y  

a g e n t   d o n t a i n s   a b o u t   75  p e r c e n t   d i m e r   a c i d   and  a b o u t   25  

p e r c e n t   t r i m e r   a c i d .   As  n o t e d   a b o v e ,   t h e r e   can  b e  

n o m i n a l   a m o u n t s   of  m o n o b a s i c   a c i d s ,   wh ich   o c c u r   i n  

m i x t u r e s   of  d i m e r   and  t r i m e r   a c i d s .  

The  d i m e r   a c i d   a n d / o r   t r i m e r   a c i d   is  n e u t r a -  

l i z e d   w i t h   a  c a t i o n   of  a  m e t a l   f rom  Group   IA  of  t h e  

P e r i o d i c   T a b l e   of  E l e m e n t s .   P r e f e r a b l y ,   t he   c a t i o n   i s  

s o d i u m   or  p o t a s s i u m .   The  mos t   p r e f e r r e d   c a t i o n   i s  



s o d i u m .   The  n e u t r a l i z a t i o n   can  o c c u r   b e t w e e n   any  c a t i o n  

c o n t a i n i n g   m a t e r i a l   w h i c h   c a u s e s   t he   c a r b o x y l   g r o u p s   o f  

the   d i m e r   a n d / o r   t r i m e r   a c i d   to  be  n e u t r a l i z e d .   T h e  

c a t i o n   c o n t a i n i n g   m a t e r i a l s   a re   weak  a c i d s ,   such   as  c a r -  

b o n a t e s ,   b i c a r b o n a t e s ,   h y d r o x i d e s ,   a l k y l o x i d e s ,   a n d  

a c e t a t e s .   P r e f e r r e d   s o d i u m   c o n t a i n i n g   m a t e r i a l s   a r e  

c a r b o n a t e s ,   b i c a r b o n a t e s   and  h y d r o x i d e s ,   w i t h   s o d i u m  

h y d r o x i d e   b e i n g   m o s t   p r e f e r r e d .  
The  d i m e r   s a l t ,   t r i m e r   s a l t   or  m i x t u r e   of  a  

d i m e r   s a l t   and  a  t r i m e r   s a l t   can  be  n e u t r a l i z e d   up  t o  

100  p e r c e n t ,   p r e f e r a b l y   f rom  10  p e r c e n t   to  100  p e r c e n t ,  

and  m o s t   p r e f e r a b l y   f rom  a b o u t   50  p e r c e n t   to   1 0 0  

p e r c e n t .  
The  n e u t r a l i z e d   d i m e r   a c i d ,   t r i m e r   a c i d ,   o r  

m i x t u r e   of  d i m e r   a c i d   and  t r i m e r   a c i d   a r e   c o n s i d e r e d   t o  

be  t he   n u c l e a t i n g   a g e n t   of  the   p r e s e n t   i n v e n t i o n .   T h e r e  

is   up  to  a b o u t   10  p e r c e n t ,   b a s e d   on  t he   w e i g h t   of  t n e  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  a  d i m e r   s a l t ,   a  t r i m e r  

s a l t ,   or   a  m i x t u r e   of  a  d i m e r   s a l t   and  a  t r i m e r   s a l t .  

P r e f e r a b l y ,   t h e r e   is  b e t w e e n   a b o u t   0 .2   p e r c e n t   and  t w o  

p e r c e n t ,   b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e  

t e r e p h t h a l a t e ,   of  a  d i m e r   s a l t ,   a  t r i m e r   s a l t   or  a  m i x -  

t u r e   of  a  d i m e r   s a l t   and  a  t r i m e r   s a l t .   Most   p r e -  

f e r a b l y ,   t h e r e   is  b e t w e e n   a b o u t   0 .3  p e r c e n t   and  1 . 0  

p e r c e n t ,   b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h -  
t h a l a t e   of  a  d i m e r   s a l t ,   a  t r i m e r   s a l t ,   or   a  m i x t u r e   o f  

a  d i m e r   s a l t   and  a  t r i m e r   s a l t .   T h e r e   s h o u l d   be  s u f -  

f i c i e n t   n u c l e a t i n g   a g e n t   to  a l l o w   t h e   f o r m a t i o n   o f  

c r y s t a l s   in  t h e   m o l t e n   p o l y e t h y l e n e   t e r e p h t h a l a t e  

c o m p o s i t i o n   a t   a  h i g h   enough   t e m p e r a t u r e   upon  c o o l i n g  
f rom  t h e   m e l t   to  be  molded   in  w a t e r - c o o l e d   m o l d s .  

The  t e m p e r a t u r e   a t   which   c r y s t a l   f o r m a t i o n   i s  

f i r s t   m e a s u r a b l e   is  T  .   The  T  i s   m e a s u r e d   u s i n g - a  

D i f f e r e n t i a l   S c a n n i n g   C a l o r i m e t e r .   B e t w e e n  5   and  10  

m i l l i g r a m s   of  s a m p l e   is  p r e p a r e d .   The  s a m p l e   is  made  i n  

the   f o rm  of  a  c o m p r e s s i o n   molded   f i l m   w h i c h   is  v a c u u m  

d r i e d .   The  s a m p l e   is  p l a c e d   in  the   D i f f e r e n t i a l  

S c a n n i n g   C a l o r i m e t e r   and  h e a t e d   to  280°C  w h e r e   i t   i s  



h e l d   f o r   two  m i n u t e s .   The  s a m p l e   is  c o o l e d   a t   10°C  p e r  
m i n u t e .   The  T cc  a p p e a r s   as  a  s h a r p   peak   in  the  c o o l i n g  

b r a n c h   of  the   c u r v e .   The  Tcc  is   a p p r o x i m a t e l y   190°C  t o  

195°C  f o r   p o l y e t h y l e n e   t e r e p h t h a l a t e   h a v i n g   an  i n t r i n s i c  

v i s c o s i t y   n o r m a l i z e d   to  a b o u t   0 . 5 6 .   I t   is  d e s i r a b l e  

f o r   c r y s t a l l i z a t i o n   f rom  t h e   m e l t   to  b e g i n   a t   as  h i g h   a  

t e m p e r a t u r e   as  p o s s i b l e   w i t h o u t   a d v e r s e l y   a f f e c t i n g  

o t h e r   p r o p e r t i e s .   T h i s   a l l o w s   c r y s t a l   n u c l e a t i o n   t o  

b e g i n   e a r l i e r   and  f o r   c r y s t a l l i z a t i o n   to  t a k e   p l a c e   o v e r  

a  g r e a t e r   t e m p e r a t u r e   r a n g e .   The  Tcc  is   p r e f e r a b l y   a t  

l e a s t   210°C ,   and  more  p r e f e r a b l y   a t   l e a s t   220°C .   T h e  

Tcc  has  been   i n c r e a s e d   to  as  h i g h   as  220°C  u s i n g   t h e  

s o d i u m   s a l t   of  t r i m e r   and  d i m e r   a c i d s .  

Any  s u i t a b l e   f i l l e r   can  be  u s e d .   The  f i l l e r s  

may  o p t i o n a l l y   be  t r e a t e d   w i t h   v a r i o u s   c o u p l i n g   a g e n t s  

or  a d h e s i o n   p r o m o t e r s   as  is  known  to  t h o s e   s k i l l e d   i n  

t he   a r t .   Such  f i l l e r s   may  be  s e l e c t e d   f rom  a  w i d e  

v a r i e t y   of  m i n e r a l s ,   m e t a l s ,   m e t a l   o x i d e s ,   s i l i c e o u s  

m a t e r i a l s ,   m e t a l   s a l t s ,   and  m a t e r i a l s   t h e r e o f .   E x a m p l e s  

of  f i l l e r s   i n c l u d e   a l u m i n a ,   a l u m i n u m   h y d r a t e s ,   f e l d s p a r ,  

a s b e s t o s ,   t a l c ,   c a l c i u m   c a r b o n a t e s ,   c l a y ,   c a r b o n   b l a c k ,  

q u a r t z ,   n o v a c u l i t e   and  o t h e r   f o r m s   of  s i l i c a ,   k a o l i n i t e ,  

b e n t o n i t e ,   g a r n e t ,   m i c a ,   s a p o n i t e ,   b e n t o n i t e ,   c a l c i u m  

o x i d e ,   c a l c i u m   h y d r o x i d e ,   e t c .   The  f o r e g o i n g   r e c i t e d  

f i l l e r s   a r e   i l l u s t r a t i v e   o n l y   and  a re   no t   m e a n t   to   l i m i t  

the   s cope   of  t he   f i l l e r s   t h a t   can  be  u t i l i z e d   in  t h i s  

i n v e n t i o n .   As  n o t e d   a b o v e ,   t he   mos t   p r e f e r r e d   f i l l e r   i s  

g l a s s   f i b e r s .   T h e r e   is  up  to  150  p e r c e n t   by  w e i g h t   o f  

t he   p o l y e t h y l e n e   t e r e p h t h a l a t e   of  f i l l e r ,   a n d  

p r e f e r a b l y   30  p e r c e n t   to  90  p e r c e n t   by  w e i g h t   of  t h e  

p o l y e t h y l e n e   t e r e p h t h a l a t e   of  f i l l e r ,   p r e f e r a b l y  

f i b e r g l a s s .  
I t   is  v e r y   d e s i r a b l e   to  use  a  p l a s t i c i z e r   i n  

t he   c o m p o s i t i o n   of  t he   p r e s e n t   i n v e n t i o n .   The  p l a s t i -  

c i z e r s   which   can  be  used   w i t h   t he   c o m p o s i t i o n   of  t h e  

p r e s e n t   i n v e n t i o n   a r e   o f  t h e   t y p e   known  in  t he   a r t   w h i c h  

can  be  used   w i t h   l i n e a r   s a t u r a t e d   p o l y e s t e r   m o l d i n g  



c o m p o s i t i o n s ,   p r e f e r a b l y   p o l y e t h y l e n e   t e r e p h t h a l a t e .   A 

n o n l i m i t i n g ' g r o u p   of  p l a s t i c i z e r s   w h i c h   can  be  used   i s  

f o u n d   in  D u t c h   P a t e n t s   Nos.   NL  7 9 - 0 1 6 0 5   and  NL  7 9 - 0 1 6 0 9 .  

The  p l a s t i c i z e r s   d i s c l o s e d   a re   o r g a n i c   e s t e r s .   T h e  

o r g a n i c   e s t e r s   can  be  the   p r o d u c t   of  an  a r o m a t i c  

c a r b o x y l i c   a c i d   of  7  to  11  c a r b o n   a t o m s   c o n t a i n i n g   a t   l e a s t  

one  c a r b o x y l   g r o u p   pe r   a r o m a t i c   n u c l e u s ,   and  an  a l c o h o l  

s e l e c t e d   f rom  t h o s e   of  the   f o r m u l a   (HOCH2)xR'   w h e r e i n   x 

is   1,  2  or   3  and  R'  is  a  h y d r o c a r b o n   r a d i c a l   of  2  to  15  

c a r b o n   a t o m s   ( p r e f e r a b l y   2  to  10  c a r b o n   a t o m s )   or   t h o s e  

of  the   f o r m u l a   H O - ( R " O ) y R " '   w h e r e i n   y  is  a  c a r d i n a l  

n u m b e r   b e t w e e n   1  and  8,  R"  is  a  h y d r o c a r D o n   r a d i c a l   of  2 

to   15  c a r b o n   a t o m s   ( p r e f e r a b l y   2  to  8  c a r b o n   a t o m s )   a n d  

R" '   is   -H  or   a  h y d r o c a r b o n   r a d i c a l   of  2  to  20 

c a r b o n   a t o m s   ( p r e f e r a b l y   2  to  12  c a r b o n   a t o m s ) .   T h e  

p l a s t i c i z e r   d i s c l o s e d   can  a l s o   be  t he   p r o d u c t   of  a n  

a l i p h a t i c   c a r b o x y l i c   a c i d   of  1  to  20  c a r b o n   a t o m s  

c o n t a i n i n g   1  to  3  c a r b o x y l   g r o u p s ,   and  an  a l c o h o l   of  t h e  

f o r m u l a   H O ( R " O ) y R " ' ,   w h e r e i n   R",  R"'  and  y  a r e   d e f i n e d  

a b o v e .   F u r t h e r ,   the   p l a s t i c i z e r s   d i s c l o s e d   i n c l u d e   t h e  

f o l l o w i n g :  

o r g a n i c   k e t o n e s   of  the  f o r m u l a   R R;  

o r g a n i c   s u l f o n e s   of  the   f o r m u l a   RSOOR; 

o r g a n i c   s u l f o x i d e s   of  the  f o r m u l a   R 2 S 0 ;  
o r g a n i c   n i t r i l e s   of  the   f o r m u l a   RCN;  a n d  

o r g a n i c   a m i d e s   of  the  f o r m u l a  
w h e r e i n  R   is   a  h y d r o c a r b y l   g r o u p   of  1  to  25  c a r b o n s ,  

a n d  R '   is   a  h y d r o g e n   or  h y d r o c a r b y l   g r o u p   of  1  to  2 5  

c a r b o n   a t o m s .  

A  p r e f e r r e d   a l i p h a t i c   p l a s t i c i z e r   is  d i o c t y l -  

a d i p a t e ,   and  a  p r e f e r r e d   a r o m a t i c   p l a s t i c i z e r   is  n e o -  

p e n t y l   g l y c o l   d i b e n z o a t e .   O t h e r   a r o m a t i c   p l a s t i c i z e r s  

w h i c h   can  be  used   i n c l u d e :   t r i e t h y l e n e   g l y c o l  d i b e n -  

z o a t e ,   g l y c e r y l   t r i b e n z o a t e ,   t r i m e t h y l o l e t h a n e ,   t r i -  

b e n z o a t e   and  p e n t a e r y t h r i t o l   t e t r a b e n z o a t e .   In  t h e  

p r e s e n t   i n v e n t i o n ,   up  to  a b o u t   15  p e r c e n t   by  w e i g h t   o f  

t h e   p o l y e s t e r   of  a  p l a s t i c i z e r   can  be  u s e d .   P r e f e r a b l y ,  

t h e r e   is  b e t w e e n   a b o u t   2  p e r c e n t   and  10  p e r c e n t ,   b a s e d   on  



t h e   w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  p l a s t i -  

c i z e r   and  mos t   p r e f e r a b l y   t h e r e   is  b e t w e e n   a b o u t   2 

p e r c e n t   and  a b o u t   6  p e r c e n t ,   b a s e d   on  t he   w e i g h t   of  t h e  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of   p l a s t i c i z e r .  
I t   has   been   f o u n d   t h a t   t he   use   of  a  p l a s -  

t i c i z e r   and  t h e   t ype   of  p l a s t i c i z e r   a f f e c t   the   m o l d  

r e l e a s e   p r o p e r t i e s   and  m o l d e d   a p p e a r a n c e   of  t he   m o l d e d  

p o l y e t h y l e n e   t e r e p h t h a l a t e   a r t i c l e .   T c h  i s   t ne   t e m p e r a -  

t u r e   a t   w h i c h   c r y s t a l s   a r e   f i r s t   m e a s u r e d   upon  h e a t i n g  

an  a m o r p h o u s   p i e c e   of  p o l y e s t e r .   The  use  of  a  p l a s t i -  
c i z e r   r e d u c e s   t he   TCh.  T h e   Tch  f o r   p u r e   p o l y e t h y l e n e  

t e r e p h t h a l a t e   is   a p p r o x i m a t e l y   1 2 5 ° C .   I t   is   d e s i r a b l e  

to  l o w e r   t h i s   v a l u e   as  much  as  p o s s i b l e   f o r   t he   b e s t  

mold  r e l e a s e   and  mo lded   a r t i c l e   r e l e a s e   p r o p e r t i e s .   T h e  

p r e f e r r e d   p o l y e t h y l e n e   t e r e p h t h a l a t e   c o m p o s i t i o n   s h o u l d  

have   as  h i g h   a  Tcc  as  p o s s i b l e   and  as  low  a  T c h  a s  
p o s s i b l e ,   a l l o w i n g   c r y s t a l   f o r m a t i o n   and  g r o w t h   o v e r   t h e  

w i d e s t   p o s s i b l e   t e m p e r a t u r e   r a n g e .   The  Tch  is  p r e f e r -  

a b l y   not   g r e a t e r   t h a n   a b o u t   1 1 0 ° C .   I t   nas  been   d e -  

c r e a s e d   to  a b o u t   102°C  u s i n g   4  p e r c e n t ,   b a s e d   on  t h e  

w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  d i o c t y l  

a d i p a t e .   T h e r e f o r e ,   t he   t e m p e r a t u r e   r a n g e   o v e r   w h i c h  

c r y s t a l l i z a t i o n   can  o c c u r   is  f rom  a b o u t   220°C  to   a b o u t  

a t   l e a s t   as  low  as  110°C  d u r i n g   c o o l i n g   of  the   c o m p o s i -  

t i o n   of  the   p r e s e n t   i n v e n t i o n .   The  r a n g e  f o r   p u r e   p o l y -  

e t h y l e n e   t e r e p h t h a l a t e   is  a b o u t   195°C  to   1 2 5 ° C .  

P r e f e r a b l y ,   c o p o l y m e r s   of  e t h y l e n e   a n d  

c a r b o x y l i c   a c i d s   or  t h e i r   e s t e r s   can  be  used   as  i m p a c t  

m o d i f i e r s .   I n c l u d e d   in  t h e s e   i m p a c t   m o d i f i e r s   a r e   t h e  

f o l l o w i n g   c o p o l y m e r s :   e t h y l e n e   a c r y l i c   a c i d ,   m e t h y l e n e  

a c r y l i c   a c i d ,   e t h y l e n e   e t h y l   a c r y l a t e ,   e t h y l e n e   v i n y l  

a c e t a t e ,   and  m i x t u r e s   t h e r e o f .   T h e r e   can  be  up  to   a b o u t  

10  p e r c e n t ,   and  p r e f e r a b l y   b e t w e e n   a b o u t   2  p e r c e n t   a n d  

a b o u t   6  p e r c e n t ,   b a s e d   on  t he   w e i g h t   of  the   p o l y e t h y l e n e  

t e r e p h t h a l a t e ,   of  the   i m p a c t   m o d i f e r .  

-  The   c o m p o s i t i o n   can  c o n t a i n   up  to  a o o u t   3 

p e r c e n t ,   b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e   t e r e -  

p h t h a l a t e ,   of  a  p o l y e p o x i d e .   The  e p o x y   r e s i n   w h i c h   c a n  



be  used   i n c l u d e   an  epoxy   f o r m e d   f rom  b i s p h e n o l - A   a n d  

g l y c i d y l   e t h e r ,   or   p o l y e p o x i d e s   o b t a i n e d   by  r e a c t i n g  

o r t h o c r e s o l   n o v o l a c   and  e p i c h l o r o h y d r i n .   P r e f e r r e d  

p o l y e p o x i d e s   a r e   epoxy   c r e s o l   n o v o l a c   r e s i n s   of  t he   t y p e  

p r o d u c e d   by  C i b a - G e i g y   C o r p o r a t i o n ,   and  i n c l u d e   ECN" 

1234 ,   1273  and  1 2 9 9 .   P r e f e r a b l y ,   t h e r e   is  from  .1  p e r -  
c e n t   to  .5  p e r c e n t ,   b a s e d   on  the   w e i g h t   of  t h e  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  p o l y e p o x i d e .   T h e  

p o l y e p o x i d e s   a c t   as  c h a i n   e x t e n d e r s   and  h e l p   c o m p e n s a t e  

f o r   p o l y e t h y l e n e   t e r e p h t h a l a t e   c h a i n s   b r o k e n   b y  

h y d r o l y s i s .  

O p t i o n a l l y ,   n u c l e a t i n g   a g e n t s   known  in  t h e  

a r t ,   such   as  i n e r t   n u c l e a t i n g   a g e n t s ,   can  be  used   i n  

a d d i t i o n   to  t h e   n e u t r a l i z e d   d i m e r   a n d / o r   t r i m e r   a c i d s .  

T a l c   is  an  e x a m p l e   of  a  p r e f e r r e d   i n e r t   n u c l e a t i n g  

a g e n t .  
In  a d d i t i o n   to  the   c o m p o n e n t s   d i s c u s s e d   a b o v e ,  

the   c o m p o s i t i o n s   of  the   p r e s e n t   i n v e n t i o n   can  c o n t a i n  

a d d i t i v e s   c o m m o n l y   e m p l o y e d   w i t h   p o l y e s t e r   r e s i n s ,   s u c h  

as  c o l o r a n t s ,   mold   r e l e a s e   a g e n t s ,   a n t i o x i d a n t s ,   u l t r a -  

v i o l e t   l i g h t   s t a b i l i z e r s   and  the  l i k e .  

A  p r e f e r r e d   f i l l e d   c o m p o s i t i o n   c o m p r i s e s   p o l y -  

e t h y l e n e   t e r e p h t h a l a t e ,   from  a b o u t   30  p e r c e n t   to  60  p e r -  

c e n t   g l a s s   f i b e r s ,   f rom  a b o u t   3  p e r c e n t   to  a b o u t   6  p e r -  
c e n t   n e o p e n t y l   g l y c o l   d i b e n z o a t e ,   from  a b o u t   .3  p e r c e n t  

to  .6  p e r c e n t   of  the   s o d i u m   s a l t   of  a  d i m e r   and  t r i m e r  

a c i d   m i x t u r e ,   and  f rom  a b o u t   .1  p e r c e n t   to  a b o u t   .5  p e r -  

c e n t   of  p o l y e p o x i d e .   T h e r e   can  be  f rom  a b o u t   2  p e r c e n t  

to  4  p e r c e n t   e t h y l e n e   a c r y l i c   a c i d .   The  p e r c e n t s   a r e - -  

b a s e d   on  the   w e i g h t   of  p o l y e t h y l e n e   t e r e p h t h a l a t e .  

As  i n d i c a t e d   in  the   e x a m p l e s   to  f o l l o w ,   t h e  

use  of  a  n e u t r a l i z e d   d i m e r   a c i d   a n d / o r   t r i m e r   a c i d   r e -  

s u l t s   in  a  p o l y e t h y l e n e   t e r e p h t h a l a t e   m o l u i n g   c o m p o s i -  

t i o n   wh ich   can  be  i n j e c t i o n   m o l d e d   i n t o   w a t e r   h e a t e d  

molds   at   t e m p e r a t u r e s   as  low  as  7 6 . 7 ° C   ( 1 7 0 ° F ) .   As  t h e  

mold  t e m p e r a t u r e   i n c r e a s e s ,   t h e r e   is  i m p r o v e m e n t   in  t h e  

molded   a r t i c l e   a p p e a r a n c e .   H o w e v e r ,   molded   a r t i c l e s  

h a v i n g   s a t i s f a c t o r y ,   a l t h o u g h   s o m e w h a t   d u l l ,   a p p e a r a n c e  



were   made  in  a  mold  h e a t e d   to  7 6 . 7 ° C   ( 1 7 0 ° F ) .   I t   i s  

n o t e d   t h a t   the   Tcc  in  e v e r y   c a s e   where   the  s o d i u m  

n e u t r a l i z e d   d i m e r   a n d / o r   t r i m e r   a c i d   is  used   is  h i g h  

e n o u g h   fo r   s a t i s f a c t o r y   m o l d i n g   in  a  w a t e r   h e a t e d   m o l d .  

The  e x a m p l e s   and  c o m p o s i t i o n   s e t   f o r t h   b e l o w  

i l l u s t r a t e   the   n a t u r e   of  t he   i n v e n t i o n   and  the   m a n n e r   o f  

c a r r y i n g   i t   o u t .   H o w e v e r ,   t he   i n v e n t i o n   s h o u l d   n o t   b e  

c o n s i d e r e d   as  b e i n g   l i m i t e d   to  the   d e t a i l s   t h e r e o f .   A l l  

p a r t s   are   p e r c e n t   by  w e i g h t   u n l e s s   o t h e r w i s e  

i n d i c a t e d .  

EXAMPLES  1 - 4  

In  E x a m p l e   1 - 4 ,   Empol  1041  T r i m e r   Ac id   a n d  

Empol  1010  Dimer   A c i d   a re   e v a l u a t e d .   The  a c i d s   w e r e  

100  p e r c e n t   n e u t r a l i z e d   w i t h   s o d i u m   h y d r o x i d e .   T h e  

c o m p o s i t i o n s   s u m m a r i z e d   b e l o w   were   b l e n d e d   w i t h   p o l y -  

e t h y l e n e   t e r e p h t h a l a t e   (PET)  in  a  1  i nch   e x t r u d e r   a t  

a b o u t   2 8 7 . 8 ° C   ( 5 5 0 ° F ) .   The  PET  had  a  s t a r t i n g   i n t r i n s i c  

v i s c o s i t y   of  a b o u t   0 . 9 5 .   The  Tcc  v a l u e s   n o r m a l i z e d   t o  

an  i n t r i n s i c   v i s c o s i t y   (IV)  of  a b o u t   .6  can  be  u s e d   f o r  

c o m p a r i s o n .   The  i n t r i n s i c   v i s c o s i t y   of  the   b l e n d e d  

c o m p o s i t i o n   is  n o t e d .   A d d i t i o n a l l y ,   C o m p a r a t i v e   1  c a n  

be  used  f o r   c o m p a r i s o n   w i t n   p u r e   PET .  

T h e s e   e x a m p l e s   i l l u s t r a t e   t h a t   the   s a l t   o f  

Empol  1041 ,   s u b s t a n t i a l l y   a  t r i m e r   s a l t ,   or  the   s a l t   o f  

Empol  1010 ,   s u b s t a n t i a l l y   a  d i m e r   s a l t   can  be  u s e d   t o  

s i g n i f i c a n t l y   i n c r e a s e   t he   t e m p e r a t u r e   a t   w h i c h  

c r y s t a l l i z a t i o n   is  f i r s t   m e a s u r a b l e   upon  the  PET  c o o l i n g  

f rom  the  m e l t .  



EXAMPLES  5 - 6  

E x a m p l e s   5  and  6  and  C o m p a r a t i v e s   2  and  3 

i l l u s t r a t e   the   e f f e c t   of  u s i n g   u n n e u t r a l i z e d   Empol  1 0 1 0  

Dimer   Ac id   as  c o m p a r e d   to  Empol  1010  Dimer   Acid  n e u t r a -  

l i z e d   100  p e r c e n t   w i t h   s o d i u m   h y d r o x i d e .   The  c o m p o s i -  

t i o n s   were   b l e n d e d   in  t he   same  m a n n e r   as  E x a m p l e s   1 - 4 .  

C o m p a r a t i v e   1  can  a l s o   be  used   w i t h   E x a m p l e s   5  and  6 . .  

The  PET  had  an  i n i t i a l   i n t r i n s i c   v i s c o s i t y   of  0 . 9 5 .   T h e  

i n t r i n s i c   v i s c o s i t y   of  t he   c o m p o s i t i o n   is  n o t e d .   T h e  

Tcc  v a l u e s   a re   n o r m a l i z e d   to  a b o u t   .6  f o r   c o m p a r i s o n .  

These   e x a m p l e s   c o n f i r m   E x a m p l e s   1 - 4 ,   in  t h a t  

t he   d i m e r   s a l t   i n c r e a s e s   the   t e m p e r a t u r e   at   w h i c h  

c r y s t a l l i z a t i o n   is  m e a s u r a b l e .   They  f u r t h e r   show  t h a t  

t he   n e u t r a l i z e d   a c i d   more  e f f e c t i v e l y   i n c r e a s e s   T c h  
t h a n   the   a c i d .  

EXAMPLES  7 - 9  

E x a m p l e s   7-9  i l l u s t r a t e   f i b e r g l a s s   f i l l e d  

p o l y e t h y l e n e   t e r e p h t h a l a t e   c o m p o s i t i o n s   c o n t a i n i n g   Dow 

455  e t h y l e n e   a c r y l i c   a c i d   c o p o l y m e r   (EAA),   p o l y e p o x i d e s  

f o r m e d   by  the   r e a c t i o n   of  o r t h o c r e s o l   n o v o l a c   w i t h  

e p i c h l o r o h y d r i n ,   and  the   d i b e n z o a t e   e s t e r   of  n e o p e n t y l  

g l y c o l   as  a  p l a s t i c i z e r .   Empol  1010  is   used   as  t h e  

d i m e r   a c i d ,   Empol  1041  is   used   as  t he   t r i m e r   a c i d , - a n d  

Empol  1024  is  used   as  a  mixed   d i m e r   a c i d   and  t r i m e r  

a c i d .   Al l   of  the   d i m e r   a c i d s   and  t r i m e r   a c i d s   a r e  

n e u t r a l i z e d   100  p e r c e n t   w i t h   s o d i u m   h y d r o x i d e .   Dow  EAA 

455  is   m a n u f a c t u r e d   by  the   Dow  C h e m i c a l   C o r p .   and  h a s  

a b o u t   8  p e r c e n t   by  w e i g h t   a c r y l i c   a c i d .   The  f i b e r g l a s s  



f i l l e r   was  O w e n s - C o r n i n g   Corp .   h i g h   s t r e n g t h   g l a s s  

f i b e r s   h a v i n g   an  i n i t i a l   a v e r a g e   l e n g t h   of  l e s s   t h a n   1 / 8  

i n c h   ( 0 . 3 2   c m ) .  

The  m o l d i n g   p r o p e r t i e s   and  p h y s i c a l   p r o p e r t i e s  

a r e   r e v i e w e d .   M o l d i n g   was  c o n d u c t e d   a t   m o l d s   h e a t e d   t o  

7 6 . 7 ° C   ( 1 7 0 ° F )   and  9 8 . 9 ° C   ( 2 1 0 ° F ) .   The  m o l d i n g   r e l e a s e  

was  r a t e d   as  VG  and  E.  VG  i s   v e r y   g o o d ,   i n d i c a t i n g   t h a t  

m o l d e d   a r t i c l e s   o c c a s i o n a l l y   s t u c k   i n  . t h e   m o l d .   T h e  

mo ld   r e l e a s e   was  r a t e d   E,  f o r   e x c e l l e n t ,   i n d i c a t i n g   t h a t  

m o l d e d   a r t i c l e s   a l w a y s   came  ou t   of  t h e   m o l d ,   and  t h e  

mo ld   c o u l d   be  run  a u t o m a t i c a l l y .   A p p e a r a n c e   was  r a t e d  

as   D  and  E.  D  is   d u l l ,   b u t   o t h e r w i s e   s a t i s f a c t o r y .   E 

i s   e x c e l l e n t   a p p e a r a n c e ,   i n d i c a t i n g   t h a t   t h e   m o l d  

a r t i c l e   had  a  v e r y   s h i n y   and  s m o o t h   s u r f a c e .   T h e  

i n t r i n s i c   v i s c o s i t y   of  t he   b l e n d e d   c o m p o s i t i o n   is  n o t e d .  



T h e s e   e x a m p l e s   show  t h a t   f i l l e d   p o l y e t h y l e n e   t e r e p h t h a -  
l a t e   c o m p o s i t i o n s   can  be  m o l d e d   in  w a t e r   h e a t e d   m o l d s  

w i t h   e x c e l l e n t   mold  r e l e a s e   and  m o l d e d   a p p e a r a n c e .  

F u r t h e r ,   t h e s e   m o l d e d   c o m p o s i t i o n s   have  s a t i s f a c t o r y  

p h y s i c a l   p r o p e r t i e s .  

E x a m p l e s   1 0 - 1 3  

E x a m p l e s   1 0 - 1 3   a r e   a  c o m p a r i s o n   of  Empol  1 0 5 4 ,  

w h i c h   is  a  m i x t u r e   of  55  p e r c e n t   d i m e r   a c i d ,   41  p e r c e n t  

t r i m e r   a c i d ,   and  4  p e r c e n t   m o n o b a s i c   a c i d s ,   w i t h   E m p o l  

1 0 1 0 ,   wh ich   is  97  p e r c e n t   d i m e r   a c i d   and  3  p e r c e n t  
t r i m e r   a c i d .   The  s a l t s   were  n e u t r a l i z e d   100  p e r c e n t ,  

w i t h   s o d i u m   h y d r o x i d e .   The  c o m p o s i t i o n s   c o n t a i n e d   Dow 

EAA  455,   s h o r t   g l a s s   f i b e r s   of  the   type   in  E x a m p l e s   7 - 9 ,  

and  epoxy   c r e s o l   n o v o l a c   r e s i n   ( C i b a - G e i g y   ECN  1 2 7 3 ) .  
The  c o m p o s i t i o n s   s u m m a r i z e d   b e l o w   were  b l e n d e d   in  a  

2 - 1 / 2   i n c h   NRM  e x t r u d e r   at   f rom  260°C  ( 5 0 0 ° F )   t o  

299°C  ( 5 7 0 ° F ) .   A  mold  r e l e a s e   p e r f o r m a n c e   of  VG,  v e r y  

g o o d ,   i n d i c a t e s   s a t i s f a c t o r y   mold  r e l e a s e   w i t h   t h e  

m o l d e d   a r t i c l e s   o c c a s i o n a l l y   s t i c k i n g   in  the   m o l d .   A -  

mold  r e l e a s e   p e r f o r m a n c e   of  G,  g o o d ,   i n d i c a t e s  

s a t i s f a c t o r y   mold  r e l e a s e   w i t h   t he   mo lded   a r t i c l e s  

s t i c k i n g   in  the   mold  more  o f t e n   t h a n   when  the   m o l d  

r e l e a s e   is  v e r y   good .   The  m o l d i n g   was  c o n d u c t e d   a t   a  

r e l a t i v e l y   low  t e m p e r a t u r e   of  7 9 . 4 ° C   ( 1 7 5 ° F ) .   The  T c c  

was  n o r m a l i z e d   to  an  i n t r i n s i c   v i s c o s i t y   of  0 . 5 0 .   T h e  

i n t r i n s i c   v i s c o s i t y   of  the   b l e n d e d   c o m p o s i t i o n   is   n o t e d .  



E x a m p l e s   14 ,   15  

E x a m p l e s   14  and  15  a r e   a  c o m p a r i s o n   of  f i l l e d  

PET  c o m p o s i t i o n s   of  t he   p r e s e n t   i n v e n t i o n   w i t h   and  w i t h -  

o u t   i m p a c t   m o d i f i e r .   The  PET  used  was  a  b l e n d   of  PET 

h a v i n g   an  i n t r i n s i c   v i s c o s i t y   of  .95  and  PET  h a v i n g   a n  

i n t r i n s i c   v i s c o s i t y   of  . 5 4 ,   d e s i g n e d   to  r e s u l t   in  a  f i n a l  

c o m p o s i t i o n   w i t h   an  i n t r i n s i c   v i s c o s i t y   of  a b o u t   0 . 5 4 .  

The  i m p a c t   m o d i f i e r   is  e t h y l e n e   a c r y l i c   a c i d   (EAA)  a n d  

e t h y l e n e   e t h y l   a c r y l a t e   (EEA) .   The  EAA  is   Dow  EAA  4 5 5 .  

The  EEA  is   EEA  6169  m a n u f a c t u r e d   by  Union   C a r b i d e   u n d e r  

t h e   t r a d e n a m e   B a k e l i t e "   F l e x i b l e   E t h y l e n e   C o p o l y m e r  

DPD-6169   d e s c r i b e d   as  h a v i n g   a  m e l t   i n d e x   of  6  g / 1 0  

m i n u t e s   and  an  e t h y l   a c r y l a t e   c o n t e n t   of  18  w e i g h t  

p e r c e n t .  

The  p l a s t i c i z e r   was  n e o p e n t y l   g l y c o l   d i b e n z o -  

a t e ,   w i t h   d i o c t y l   a d i p a t e   u s e d   as  a  p r o c e s s i n g   a c i d .  

The  c o m p o s i t i o n   c o n t a i n e d   Empol  1024  d i m e r   a c i d   w h i c h  

was  100  p e r c e n t   n e u t r a l i z e d   w i t h   s o d i u m   h y d r o x i d e .   A 

s m a l l   amount   of  T a l c   2610  f rom  the   W h i t t a k e r   and  C l a r k  

C o r p .   was  used   as  an  i n e r t   n u c l e a t i n g   a g e n t .   T h e  

c o m p o s i t i o n   was  f i l l e d   w i t h   O w e n s - C o r n i n g   C o r p .   h i g h  

s t r e n g t h   1/8  i n c h   ( . 3 2   cm)  g l a s s   f i b e r s .  

C o m p a r a t i v e   3  c d n t a i n s   no  d i m e r   a c i d   s a l t .  



The  c o m p o s i t i o n s   were   b l e n d e d   in  a  2 - 1 / 2   i n c h   NRM 

e x t r u d e r   a t   a b o u t   3 0 1 . 7 ° C   ( 5 7 5 ° F ) .   The  s a m p l e s   o f  

E x a m p l e s   1 4 - 1 5   w e r e   m o l d e d   at   7 9 . 4 ° C   ( 1 7 5 ° F )   and  h a d  

e x c e l l e n t   mold  r e l e a s e .   The  s a m p l e s   of  C o m p a r a t i v e   3 

were  m o l d e d   a t   9 0 . 6 ° C   ( 1 9 5 ° F ) ,   and  s t u c k   m o d e r a t e l y   i n  

t he   mold  and  we re   more  r u b b e r y   t h a n   t he   s a m p l e s   o f  

E x a m p l e s   14  and  15  upon  r e l e a s e   f rom  the   m o l d ,   even   a t  

t h e   h i g h e r   m o l d i n g   t e m p e r a t u r e .   The  i n t r i n s i c   v i s c o s i t y  

has   been  m e a s u r e d   f o r   t he   f i n a l . c o m p o s i t i o n .   T h e  

c o m p o s i t i o n s   and  r e s u l t s   a r e   s u m m a r i z e d   b e l o w .  

E x a m p l e   14,   c o m p a r e d   to  Example   15,   s h o w s  

t h a t   the   a d d i t i o n   of  EAA  and  EEA  r e s u l t s   in  b e t t e r  

i m p a c t   r e s i s t a n c e .   E x a m p l e s   14  and  15,  c o m p a r e d   t o  



C o m p a r a t i v e  . 3 ,   show  t he   i m p o r t a n c e   of  t he   d i m e r   s o d i u m  

s a l t   in  a t t a i n i n g   a  h i g h e r   T c c  
E x a m p l e s   16,  1 7  

In  E x a m p l e s   16  and  17,   Empol  1054  d i m e r   a c i d  

was  n e u t r a l i z e d   100  p e r c e n t   w i t h   p o t a s s i u m   h y d r o x i d e .  

The  c o m p o s i t i o n s   s u m m a r i z e d   be low  were   b l e n d e d   w i t h   . 9 5  

i n t r i n s i c   v i s c o s i t y   p o l y e t h y l e n e   t e r e p h t h a l a t e   in  o n e  

i n c h   e x t r u d e r   a t   a b o u t   2 8 7 . 8 ° C   ( 5 5 0 ° F ) .   The  i n t r i n s i c  

v i s c o s i t y   of  the   b l e n d e d   c o m p o s i t i o n   is   n o t e d .  

W h i l e   e x e m p l a r y   e m b o d i m e n t s   of  t he   i n v e n t i o n  

have   b e e n   d e s c r i b e d ,   the   t r u e   s c o p e   of  t he   i n v e n t i o n   i s  

t o   be  d e t e r m i n e d   f rom  the   f o l l o w i n g   c l a i m s .  



1.  A  c o m p o s i t i o n   c o m p r i s i n g :  

p o l y e t h y l e n e   t e r e p h t h a l a t e ;   a n d  

up  to  a b o u t   10  p e r c e n t ,   b a s e d   on  the   w e i g h t  

of  t he   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  a  d i m e r   a c i d   a n d  

t r i m e r   a c i d   m i x t u r e ,   the   m i x t u r e   h a v i n g   f rom  0  p e r c e n t  
to   100  p e r c e n t   by  w e i g h t   t r i m e r   a c i d ,   the   d i m e r   a c i d  

h a v i n g   at   l e a s t   36  c a r b o n   a toms   and  two  c a r b o x y l   g r o u p s ,  
t h e   t r i m e r   a c i d   h a v i n g   a t   l e a s t   54  c a r b o n   a t o m s   a n d  

t h r e e   c a r b o x y l   g r o u p s ,   w i t h   t h e   t o t a l   a m o u n t  o f   c a r b o x y l  

g r o u p s   b e i n g   n e u t r a l i z e d   up  to  100  p e r c e n t   by  a  c a t i o n  

of   a  m e t a l   s e l e c t e d   from  G r o u p   IA  of  the   P e r i o d i c   T a b l e  

of  the   E l e m e n t s .  

2.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   1 ,  

w h e r e i n   t he   c a t i o n   is  s e l e c t e d   from  the   g r o u p   c o n s i s t i n g  

of   p o t a s s i u m   and  s o d i u m .  

3.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   2 ,  

w h e r e i n   t h e   c a t i o n   is  s o d i u m .  

4.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m  

3,  w h e r e i n   the  d i m e r   a c i d   has  a  36  c a r b o n   c h a i n   w i t h  

c a r b o x y l   g r o u p s   at   the   c h a i n   e n d s .  

5.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m  

3,  w h e r e i n   the   t r i m e r   a c i d   has  54  c a r b o n . a t o m s   h a v i n g   a t  

l e a s t   t h r e e   a l k y l   c h a i n s ,   w i t h   t h r e e  a l k y l   c h a i n s   e n d i n g  

in  c a r b o x y l   g r o u p s .  
6.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m s   1 

o r - 3 ,   w h e r e i n   a b o u t   50  p e r c e n t   to  100  p e r c e n t   of  t h e  

c a r b o x y l   g r o u p s   of  the   d i m e r   a c i d   and  t r i m e r   a c i d  

m i x t u r e   a r e   n e u t r a l i z e d .  

7.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m s   1 

or   3,  w h e r e i n   t h e r e   is  f rom  a b o u t   .2  p e r c e n t  t o   2  p e r -  

c e n t   by  w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e   of  t h e  

d i m e r   a c i d   and  t r i m e r   a c i d   m i x t u r e .  

8.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m s   1 

or  3,  f u r t h e r   c o m p r i s i n g   up  to  150  p e r c e n t ,   b a s e d   on  tJJe 

w e i g h t   of  the   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   o f  a   f i l l e r .  

9.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   8 ,  

w h e r e i n   t h e r e   is  from  a b o u t   30  p e r c e n t   to  a b o u t   90  



p e r c e n t ,   b a s e d   on  t he   w e i g h t   of  the   p o l y e t h y l e n e  

t e r e p h t h a l a t e ,   of  f i b e r g l a s s   f i l l e r .  

10.   The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   1  o r  

3,  w h e r e i n   t h e r e   is  b e t w e e n   a b o u t   2  p e r c e n t   and  a b o u t   1 0  

p e r c e n t ,   b a s e d   on  the   w e i g h t   of  the   p o l y e t h y l e n e  

t e r e p h t h a l a t e ,   of  t he   p l a s t i c i z e r .  
11.   The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   1  o r  

3,  c o n t a i n i n g   s u f f i c i e n t   p l a s t i c i z e r   f o r   the  c o m p o s i t i o n  

to  have  a  TCh  of   no t   g r e a t e r   t h a n   1 1 0 ° C .  

12.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m s   1  o r  

3,  c o n t a i n i n g   s u f f i c i e n t   n u c l e a t i n g   a g e n t   f o r   t he   c o m p o -  
s i t i o n   to  have   a  Tcc  of  a t   l e a s t   a b o u t   2 1 0 ° C .  

13.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   1  o r  

3,  c o n t a i n i n g   b e t w e e n   a b o u t   2  p e r c e n t   and  a b o u t   6  p e r -  

c e n t   based   on  t he   w e i g h t   of  t h e   p o l y e t h y l e n e  

t e r e p h t h a l a t e ,   of  t he   i m p a c t   m o d i f i e r .  

14.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m s   1 

or  3,  f u r t h e r   c o m p r i s i n g   up  to  a b o u t   3  p e r c e n t ,   b a s e d   o n  

the   w e i g h t   of  t he   p o l y e t h y l e n e   t e r e p h t h a l a t e ,   of  e p o x y .  
15.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m s   1 

or  3,  w h e r e i n   t he   d i m e r   a c i d   and  t r i m e r   a c i d   m i x t u r e   c o n  

t a i n s   from  a b o u t   3  p e r c e n t   to  a b o u t   90  p e r c e n t   by  w e i g h t  

of  t r i m e r   a c i d .  

16.  The  c o m p o s i t i o n   as  r e c i t e d   in  c l a i m   2 6 ,  

w h e r e i n   the   d i m e r   a c i d   and  t r i m e r   a c i d   m i x t u r e   is   a b o u t  

75  p e r c e n t   by  w e i g h t   d i m e r   a c i d   a n d  a b o u t   25  p e r c e n t   b y  

w e i g h t   t r i m e r   a c i d .  
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